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(71) We, INSTITUT KHIMICHESKOI 
FIZIKI AKADEMII NAUK SSSR, a state enter- 
prise organised md existing under the laws of 
the Union of Soviet Socialist Republics 
(U.S.S.R.), of 2b Vorobievskoe shosse, 
Moscow, U.S.S.R., do hereby declare the 
invention, for w lich we pray that a patent may 
be granted to us, and the method by which it is 
to be performed, to be particularly described in 
and by the following statement:- 

The present invention relates to the regenera- 
tion and modification of used polytetrafluoro- 
ethylene (PTFE). 

The search for new processes for 
regeneration and modifying regeneration of 
polytetrafluoroethylene (-CF 2 -CF 2 -) n is en- 
couraged by the fact that during use polytetra- 
fluoroethylene is not susceptible to oxidation 
and ageing and therefore retains all the complex 
of valuable properties inherent in molecules of 
perfluorinated polymers; in addition, polytetra- 
fluoroethylene is rather expensive. Amounts of 
used polytetrafluoroethylene available for 
regeneration are 65 to 85% of the annual 
production of PTFE. This is made up of 
residual material from scrap articles and also 
waste products arising from the thermal and 
mechanical processing of polytetrafluoro- 
ethylene blanks. 

It is an object of the present invention to 



provide a process for regeneration of used 
polytetrafluoroethylene. 

According to the present invention we 
provide a process for reprocessing used poly- 
tetrafluoroethylene comprising providing said 35 
used polytetrafluoroethylene in the form of a 
powder composed of discrete particles of size 
not greater than 100/i, irradiating said powder 
with ionising radiation to activate the polytetra- 
fluoroethylene and contacting the activated 40 
polytetrafluoroethylene with a fluorinated 
monomer of formula C 2 F X R4_ X in which x is 
an integer from 1 to 4, R is hydrogen, a 
tnfuloromethyl group, a chlorine atom, a 
phenyl group or a pentafluorophenyl group, 45 
thereby effecting copolymerisation of the poly- 
tetrafluoroethylene with the said monomer. 

The polytetrafluoroethylene powder may be 
suspended in water or in one of the said 
fluorinated monomers and irradiated in the 50 
suspended state. 

The activation is preferably effected under 
an atmosphere containing not more than 2 x 
10 vol% of oxygen, said atmosphere being 
provided by carrying out the activation (a) 5 * 
under a reduced pressure of inert gas or 
fluorinated monomer vapour not lower than 
5 mm Hg, or, (b) under reduced pressure not 
exceeding 1 x 10" 2 mmHg, or (c) under 
pressure of the vapour of said monomer of 60 
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from 0.1 to 50 atmospheres. 

It is advisable to use, in accordance with the 
present invention, gamma-radiation as the 
ionizing radiation, or X-rays, beta-radiation or 
5 accelerated electrons. 

When the used polytetrafluoroethylene is 
employed in the form of a dry powder, it is 
advisable, in accordance with the present 
invention, to effect the activation by means of 

10 a plasma treatment. 

The term "plasma treatment" means the 
treatment of the used polytetrafluoroethylene 
powder with an electronic and ionic plasma 
which is formed in the zone of a high-frequency 

15 discharge in an atmosphere of inert gases such 
as helium, neon, argon or in an atmosphere of a 
monomer, i.e. tetrafluoroethyiene under a 
pressure of down to 5 mm Hg. Under the action 
of the plasma electrons and ions having an 

20 energy of from 10 to 30,000 ev, on the surface 
of a used PTFE powder there are accumulated 
free radicals in a concentration of up to 10 1 8 
radicals/g of the used PTFE being treated which 
is equivalent to an integral dose of about 5x10 s 

25 Rad. 

The process for regenerating used polytetra- 
fluoroethylene according to the present 
invention has two principally different embodi- 
ments, i.e. with the formation of a pure 

30 regenerate and of a modified regenerate. 

By the term "pure regenerate" is meant a 
regenerate produced as a result of a radiation- 
graft block copolymerization of a used poly- 
tetrafluoroethylene with its own monomer, viz. 

35 tetrafluoroethyiene. 

By the term "modified regenerate" is meant 
a regenerate produced as a result of a radiation- 
graft block copolymerization of a used poly- 
tetrafluoroethylene with a monomer of the 

40 formula C 2 F X R4_ X where x = 1 to 3 at R-H; 
x = 3 at R = CF 3 , CI, C 6 H S , C 6 F 5 . Said 
monomers include (a) compounds capable of 
formation, under the conditions of the process 
of the present invention, of grafted block 

45 copolymers with a used polytetrafluoro- 
ethylene thus imparting novel properties 
thereto, and (b) compounds, referred to herein- 
after as "inactive monomers", which cannot, 
per se, take part in the reaction of graft block 

50 copolymerization with a used polytetrafluoro- 
ethylene and arc employed only in the form of 
mixtures with said reactive fluorinated 
monomers. The reactive monomers, in addition 
to tetrafluoroethyiene, may be exemplified by 

55 trifluorochioroethylene, trifluoroethylene and 
the like. 

The inactive monomers may be exemplified 
by fluorinated compounds of the formula: 
C2 F x R4 - x where R is CF 3 , C 6 F 5 , C 6 H 5 at 
60 x=3. or ethylene or vinyl chloride. 

In the case of a pure regeneration where as 
the fluorinated monomer use is made of tetra- 
fluoroethyiene, the block copolymerization in 
accordance with the present invention should 
65 be preferably performed in an aqueous 



suspension of a used polytetrafluoroethylene 
powder with a mean particle size of at most 
30ju; said suspension is activated in an 
atmosphere of tetrafluoroethyiene with a total 
dose of from lxlO 3 to lxlO 4 Rad, at a dose 70 
rate of from lxlO" 2 to 10 Rad/sec at the 
temperature of 70°C under a pressure of 
tetrafluoroethyiene of from 0.1 to 5 atm. 

In the case of a modified regeneration where 
as the fluorinated monomers use is made of the 
compounds of the formula C 2 F X R4_ X where 
x=l to 3 at R=H;x=3 at R = C1. it is 
advisable, according to the present invention, to 
effect activation of the polytetrafluoroethylene 
suspension in an atmosphere of at least one of ™ 
said fluorinated monomers with a total dose of 
from lxlO 3 to 1x10 s Rad, dose rate of from 
lxlO" 1 to 50 Rad/sec and at a temperature of 
from -20 to 100°C. 

The dose rate is further increased when a °5 
modified regeneration is effected with the use 
of said inactive fluorinated or chlorinated 
monomers. Thus, according to the present 
invention, in the case of using a mixture of a 
fluorinated monomer of the formula 90 
C2FXR4-X wnere x = 1 to 4 at R=H and x=3 at 
R=C1, with ethylene, vinyl chloride or a 
compound of the formula C 2 F X R4_ X where 
x-3 at R=CF 3 , C 6 H S , C 6 F 5 ; activation of the 
used polytetrafluoroethylene suspension is 95 
effected in the atmosphere of said mixture of 
the monomers with a total dose of from lxl 0 4 
to lxlO 6 Rad, at a dose rate of from 1 to 10 2 . 
Rad/sec, at a temperature within the range of 
from 30 to 100°C and under a pressure of said 100 
monomer mixture of from 1 to 50 atm. 

The total dose of the ionizing radiation may 
be decreased in the case if, according to the 
present invention, the used polytetrafluoro- 
ethylene powder is first irradiated at a 10- 
temperature of from —196 to -130°C under a 
reduced pressure of not more than 1 x 
10" 2 mm Hg, whereafter at least one of active 
fluorinated monomers of the formula 
C2FXR4-X where x is an integer from 1 Xo 4, R H' 
is hydrogen or x is 3 and R is chlorine is added, 
the temperature is raised to 0°C; water is added 
to form an aqueous suspension of the activated 
polytetrafluoroethylene and the graft block- 
copolymerization is completed at a temperature 1 !■ 
of from 0 to 100° C. 

A distinctive feature of the process for 
regenerating a used polytetrafluoroethylene 
according to the present invention resides in the 
fact that the object of the invention is 12 
accomplished with only a small consumption 
rate of the fluorinated monomers, namely of 
from 5 to 50% by weight of the used PTFE 
being regenerated. 

As is seen from the foregoing, the process of 12 
the present invention makes it possible to 
produce, on the basis of used polytetrafluoro- 
ethylene, a novel class of graft block 
copolymers having a commercial interest. 
Furthermore, the process of the present 
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invention makes it possible to use, in addition 
to active fluorinated monomers capable of 
taking part in the reaction of homopolymerisa- 
tion under radiation activation conditions, also 
inactive fluorinated and non-fluorinated 
monomers which do not take part in the 
homopolymerisation reaction under said 
conditions (C 2 F 3 CF 3 , C 6 F 5 C 2 F 3 , QH 3 C1, 
Cr>H 5 C2 F3 , C7 H4 ). 

Regeneration according to the process of the 
present invention is applicable to a used poly- 
tetrafluoroethylene available from practically 
all sources thereof—from the residual material 
of spent articles and production wastes of 
thermal and mechanical processing of article 
blanks consisting of a pure of composite poly- 
tetrafluoroethylene. 

The process for regenerating used PTFE 
according to the present invention consists in 
the steps of preparation and purification of the 
raw material, crushing, finely dividing, 
fractionation and a pure radiation graft 
regeneration or a modified regeneration with 
subsequent processing of the regenerates into 
articles. Prior to crushing, used PTFE should be 
subjected to purification from foreign matter 
and oils inhibiting graft block copolymeriza- 
tion. Application of different purification 
methods depends on the degree of contamina- 
tion of used PTFE to be regenerated. Special 
care should be taken during the purification 
step in order to obtain regenerates with good 
physico-mechanical, electrical and other 
properties. Dust elminiation is effected by 
flotation, dissolving dust in acids or mechanical 
removal of a thin contaminated layer from large 
articles. Oil removal is effected by way of a 
treatment of chips and lumps of used PTFE 
with organic solvents extractants. A preferable 
embodiment of the starting material 
purification from organic substances and dust 
consists in a heat treatment of the material 
prior to crushing at a temperautre of from 300 
to 360°C for 1-2 hours with an arbitrary rate of 
the temperature raise. Cooling conditions may 
be optional as well or they may be controlled 
for the purpose of producing a required 
crystallinity degree. Purified used PTFE is then 
fed to mechanical crushing and fine grinding. 

One of the basic conditions for effecting the 
process of the present invention resides in the 
production of a finely divided powder of a used 
polytetrafluoroethylene with a particle size of 
at most 100/n; in the case of a pure regeneration 
where as the fluorinated monomer use is made 
of tetrafluoroethylene a mean particle size of 
the used polytetrafluoroethylene powder 
should not exceed 30/j. Moreover, the used 
PTFE powder should comprise a rather narrow 
fraction with a fineness not exceeding a mean 
particle size of the PTFE powder. Therewith, 
the greater the specific surface area of the 
powder, the better the quality of a regenerate. 

Powdered used PTFE with a particle size of 
not more than IOOjj and with a mean panicle 



size of from 10 to 30/u can be obtained, for 
example, by using a plant for low-temperature 
crushing and fine grinding. 

In said plants used polytetrafluoroethylene 
and grinding mechanisms are cooled by liquid 
nitrogen at a temperature below the glass 
transition temperature of polytetrafluoro- 
ethylene, i.e. below~130°C and down to. 
-196°C. As the grinding mechanisms use is 
made of knife crushers, disintegrating mills, 
vibromills or jet-mills. 

A low-temperature scheme of disintegration 
of used polytetrafluoroethylene makes it 
possible to minimize contamination of PTFE as 
well as transfer of the material of working 
members to the PTFE being disintegrated. 

Regeneration of used PTFE is effected in a 
radiation chemical reactor. Therewith, the 
following embodiments of the regeneration 
process are possible. 

A suspension is prepared from a finely 
divided PTFE powder with a solids concen- 
tration of about 5 to 25% by weight. As the 
liquid phase of the suspension use may be made 
of both water and one of fluorinated monomers 
such as perfluorostyrene, a, 0, 0-trifluoro- 
styrene of trifluorochloroethylene. The liquid 
phase ensures the removal of heat evolving 
during the reaction of graft block copoly- 
mcrization. prevents the powder surface from 
local over-heating and contributes to a more 
uniform grafting of a fresh polymer 
(copolymer) layer within the entire volume of 
the solid phase. Uniform distribution of the 
powder particles within the liquid phase is 
ensured by vigorous stirring. To stabilize the 
aqueous suspension, use is made of perfluoro- 
carboxylic acids with 3 to 5 carbon atoms as 
stabilisers. 

For a successful implementation of modified 
and, especially, pure regeneration processes it is 
important to select conditions ensuring a 
minimal dose of irradiation of used PTFE for a 
given yield of the graft block copolymer. The 
most preferred embodiment of the process 
according to the present invention resides in 
activation of the graft block copolymerization 
by way of irradiation of an aqueous suspension 
of used PTFE powder in the presence of 
tetrafluoroethylene or other fluorinated 
monomers or mixtures thereof. 

This makes it possible to employ unstable 
radicals with a short life time as centres in the 
PTFE powder to be irradiated for the progress 
of the reaction. Their concentration is higher 
by more than an order of magnitude than the 
concentration of stable radicals. 

Uniform distribution of bubbles of the 
gaseous phase of the fluorinated monomers in 
the aqueous suspension is ensured by vigorous 
stirring. Such process conditions are necessary 
to retain the process control, prevent the 
reaction from auto-acceleration and ensure a 
greater surface contact area of the gaseous 
phase of fluorinated monomers with the 
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powder particles. The latter condition is of 
great importance, since the graft block 
copolymerization plays a greater role where 
there is an intimate contact between the 
-> powder and gaseous phase of the fluorinated 
monomers. 

In all the embodiments of the process, to 
avoid excessive destruction of used PTFE 
catalysed by oxygen and to retain the process 
w controllability, oxygen content should 
preferably not exceed its tolerable concentra- 
tions in the monomers. The practical purposes 
all the recomended fluorinated monomers have 
inherently an oxygen content which does not 
15 exceed 2xl(T 3 vol.%. The same low oxygen 
condition is preferred in the embodiment which 
specifies pre-activation of a powder by 
irradiation or p:asma treatment under a residual 
pressure of the fluorinated monomers of 
M !xl(T 2 mm Hg. 

Most advantageous for the performance of 
the process for regeneration of used PTFE in 
the presence of fluorinated monomers 
according to th; present invention is the use of 
& commercial sources of gamma-radiation. In the 
embodiment with a pre-activation of the 
surface of a dry powder of a used PTFE it is 
most preferable, for accumulation of stabilized 
radicals, to use radiations with a high linear 
M energy transmission, i.e. beta-radiation, 
accelerated electrons or plasma treatment. As a 
result a reduced total dose is required for of the 
powder irradiator the bulk destruction of the 
starting used PTFE is prevented and the yield 
.55 of the product is lowered. Prior to the surface 
activation, the powder should be cooled to a 
temperature oelow its glass transition 
temperature, i.e. down to -196°C. 

In the process of a pure regeneration, i.e. 
40 when use is made of the most active 
monomer- tetrafluoroethylene, one can achieve 
a 50-100% conversion thereof in a grafted 
layer of the regenerate powder under rather 
mild conditions with a total dose of gamma- 
45 radiation from Co 60 of from 1,000 to 3,000 
Rad and. in any case, not more than 10,000 
Rad. 

In the embodiment of the process according 
to the present invention contemplating a pure 

50 regeneration there should be ensured for the 
purpose of increasing the ratio of yield of the 
grafted block copolymer to the homopolymer 
yield and increasing the fluorinated monomer 
pressure, a corresponding use of reduced dose 

55 rates within the above-said range. Generally, a 
graft block copolymerization starts right after 
the irradiations starts in the presence of a 
fluorinated monomer. As has been found in the 
control tests, homopolymerization of tetra- 

60 fluoroethylene is preceded by an induction 
period which lasts from dozens of minutes to 
several hours. Duration of the induction period 
is increased at reduced dose rates. The 
homopolymer yield usually does not exceed 3 

65 to 10% of the total conversion of tetrafluoro- 



ethylene. Prior to the fluorinated monomer 
supply into a reactor and before the irradiation 
starts, a suspension of the PTFE powder is 
deaerated and freed from oxygen by way of 
passing high-purity nitrogen. To prepare the 70 
suspension, use is made of twice distilled water. 
For the pure regeneration process a 
temperature of about +70° C is optimal, since it 
ensures a high rate of graft block copolymeriza- 
tion to be retained. A regenerated polytetra- 75 
fluoroethylene prepared by the process of the 
present invention is washed- with water and 
dried. It comprises a white bulky powder which 
may be processed by methods usually 
employed for a "fresh" polytetrafluoro- 80 
ethylene, i.e. compression moulding, sintering 
in a free state, extrusion and the like. 

In the process of a modified regeneration, 
wherein use is made of other reactive 
fluorinated monomers such as C 2 F X R<, x 85 
wherein x=l to 3 at R=H and x=3 at R=C1, 
mixtures thereof, mixtures of said fluorinated 
monomers with tetrafluoroethylene, as well as 
mixtures of said fluorinated monomers with 
less active fluorinated monomers such as C 3 F 6 , 9° 
C 2 F 3 C 6 H 5 , C 2 F 3 C 6 F 5 the activation should 
be performed, due to a reduced radiation- 
chemical yield of the graft block-copolymeriza- 
tion reaction, within a broader range of total 
doses, i.e. from lxlO 3 to 1x10 s Rad. In such a 95 
case, for many of said fluorinated monomers 
and mixtures thereof such as C 2 F 3 C1 C 3 F 3 H 
or a mixture of C 2 F 4 and C 2 F 3 Ci; a total dose 
sufficient to obtain a graft block copolymer 
yield of from 20 to 50% by weight is close to 100 
the lower limit of said range and does not 
exceed 10.000 Rad. In the case of the modified 
regeneration in question the activation of the 
graft block-copolymerization reaction should 
be preferably performed at a dose rate of from 105 
1x10- to 5x10 Rad/sec at a temperature 
ranging from -20 C to 100°C. At temperatures 
above 0 C as a liquid phase use may be made of 
the fluorinated monomer employed such as 
tnfluorochloroethylene. In each case an l in 
optimal temperature for the graft block 
copolymerization reaction is selected within the 
above-mentioned temperature range dependino 
on the character of the fluorinated monomer or 
mixture of fluorinated monomers employed: 115 
-20 to 35 C for C 2 F 3 C1; 70°C for C 2 F 3 H. 
etc. The above-mentioned group of fluorinated 
monomers under the above-described modified 
regeneration conditions is characterized by the 
absence of an induction period for the graft 120 
block-copolymerization reaction. The yield of a 
product in the absence of a reaction of a 
superficial radical chain transfer is also 
insignificant. 

Still more severe conditions for the graft 125 
block-copolymerization reaction are necessary 
for a modified regeneration of a used poly tetra- 
fluoroethylene by means of mixtures of 
monomers containing, in addition to said 
reactive fluorinated monomers, also inactive or 130 
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less reactive monomers such as vinyl chloride 
and ethylene, In this case the activation is 
effected with higher total doses which may be 

5 f hlg1 / f 1°, 1x10 at * dose rate of 
* from I to 10 2 Rad/sec, under a lolai pressure of 
the mixture of said monomers ranging from I 
to 50 atm and at a temperature of up to 1 00°C 
For all the disclosed embodiments of 
10 f e S eneratlon of a used polytetrafluoroethylene 
.by means of various groups of fluorinated 
monomers and mixtures thereof, the musi 
preferred is the embodiment contemplating the 
. use of an aqueous suspension of a used doIv- 
tetrafluoroethylene powder. 

In the case where a dry powder of a used 
polytetrafluoroethylene is subjected to 
activation, regeneration of said powder is 
effected using stabilized radicals, formed from 
the action, on the surface of said powder of 
beta-radiation, accelerated electrons or plasma 
treatment. Stabilization of radicals on a dry 
powder of a used polytetrafluoroethylene is 
achieved by cooling it to a temperature below 
the glass transition temperature of polytetra- 
fluoroethylene (about -130°C) and down to 
-jyo C; for this purpose the powder is cooled 
prior to the activation, with liquid nitrogen' 
Such stabilized radicals are referred to as 
post -radicals. 
Accumulation of post-radicals is performed 

fin* o te f ral d ? se ran S in S from Ix 10 4 to 
1X10 Rad in the presence or absence of 
fluorinated monomers. After the accumulation 
of said post-radieals, the temperature elevation 
■» (defrosting) must be effected in the presence of 
reactive fluorinated monomers which are 
condensed on to the powder prior to its 
activation or thereafter. Defrosting of the 
activated powder in the presence or fluorinated 
w monomers makes it possible to use, for the 
graft block copolymerization, the radicals 
formed within the temperature range of from 
-196 to 0 C whereby the integral dose 
required to achieve a predetermined conversion 
« rate of the graft block-copolymer is lowered A 
transitional temperature range of from -196 to 
0 C is a distinctive feature of an embodiment 
of the regeneration of a dry powder of a used 
polytetrafluoroethylene. Starting with the 
temperature of 0°C and further, the used 
polytetrafluoroethylene regeneration is 
performed in a manner similar to that described 
hereinbefore under suspension conditions 
(pressure of a monomer or of a mixture of 
n monomers, temperature, the presence of a 
liquid phase of the suspension-water or a 
corresponding liquid monomer and the like) 

In the process of the present invention a pure 
and modified regeneration of a used polytetra. 
60 fluoroethylene should be advantageously 
performed with the use of a periodic activation 
whereby the required total dose is reduced due 
to 1 1 post-effect during the interval between two 
irradiation exposures. 
05 Practically all the above-described regenera- 



tion embodiments are characterized by a high 
thermal effect of the reaction. Temperature 
mside a reactor in case of a continuous and 
vigorous stirring of the suspension may be 
contro led by heat removal from the reactor 70 
walls by means of a heat-transfer medium 
(cooling agent) such as by means of water of a 
liquor supplied into a cooling jacket of the 
reactor. Fluorinated monomers employed for 
regeneration of a used polytetrafluoroethylene 75 
prior to being supplied into the reactor, are 
purified from inhibitors by conventional 
techniques such as by passing through an active 
charcoal. 

The rnicrostructure of the regenerate powder 80 
particles is characterized by the presence of an 
inactive core -"nucleus" and an active layer- 
coat" of a grafted fresh fluorinated polymer 
or copolymer ensuring a restoration and 
modification of the starting used polytetra- 85 
tiuoroethylene properties. 

During a heat-treatment-plastification of 
blanks of regenerates produced by the process 
ot the present invention, a matrix is formed 
from a fluoropolymer or fluorocopolymer 90 
which accepts, as a whole along with "nuclei" 
dispersed therewithin, all the stresses resulting 
from plastification without breaking the bonds 
formed between 4< nuclei" and "coat". 

Modified regenerates comprise grafted 95 
block-copolymers based on a used polytetra- 
fluoroethylene and fluoropolymers or fluoro- 
copolymers with properties nearing those of the 
former which fluoropolymers or fluoro- 
copolymers form a sufficiently thick layer 100 
around the "nucleus", which layer, unlike 

flnH!f tra ^ U ? r ° ethy,ene> f6atUreS 2 V *COUS 

p u d t ' V™ automatically eliminates known 
technological difficulties encountered in the 
polytetrafluoroethylene processing. On the 105 
other hand, modified regenerates produced by 
the process of the present invention are 
superior over pure regenerates of copolymers 
since they include 50-90% of polytetrafluoro- 
ethylene. j 20 

At the same time, the presence of a chemical 
bond between "coat" and "nucleus" as well 
reduced coherence of a superficial layer of the 
used polytetrafluoroethylene particles during 
the graft block copolymerization impart to the 115 
regenerate certain advantages over correspond- 
ing mechanical mixtures of polymers 

Production of modified regenerates is 
profitable not only due to availability of a 
cheap raw material, viz. used polytetra fluoro- 120 
ethylene, but also due to a comparatively small 
consumption rate of expensive fluorinated 
monomers which are employed per se or, more 
often, in mixtures with cheaper tetrafluoro- 
ethylene and other reactive fluoromonomers. 125 
Modified regenerates are thermoplastic and may 
be processed by methods traditionally 
employed for processing of thermoplastics such 
as extrusion, injection moulding, compression 
moulding at elevated temperatures and the like 130 
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Modified regenerates may be used both 
individually and in composite materials. 

For better understanding the process of the 
present invention is further illustrated in the 
following specific examples. 
Example 1 

Into a 2.5 £ metallic sealed reactor provided 
with a stirrer (750 rpm) and cooling jacket, 
50 g of a finely divided powder of a used 

10 polytetrafluorethylene with a mean particle size 
of 20fi were charged along with 1 .5C of twice 
distilled water. The reactor was pressurized by 
means of nitrogen to a pressure of lOatm and 
then set to vacuum to a residual pressure of 

15 1x10 mm Hg and twice purged with tetra- 
fluoroethylene under 0.5 atm pressure followed 
by application of vacuum. Tetrafluoroethylene 
was then admitted into the system thus freed 
from oxygen. The oxygen content in the 

20 tetrafluoroethylene did not exceed 0.001% by 
volume. Activation of the graft block- 
copolymerization reaction was effected by 
irradiating the reactor with gamma-rays from 
Co at a dosage rate of lxlO' 2 Rad/sec. The 

25 reaction was conducted for 20 hours. The total 
irradiation dose was 720 Rad. The temperature 
inside the reactor was maintained at 70°C. As 
the tetrafluoroethylene was consumed and 
pressure reduced to 4 atm, additional portions 

30 of the monomer, viz. tetrafluoroethylene, were 
fed into the reactor to the pressure of 5 atm. 
Added weight of the graft block copolymer 
washed with water and dried at 150°C was 
8.1 g. From the powder of the resulting dried 

35 and finely divided regenerate a plate of 
130x100x2mm size was made by compression 
moulding under the specific pressure of 
400 kg/cm 2 . The resulting compressed blank 
was sintered in a free state of the temperature 

40 • of 370 C for 13 hours. Tests of the plate 
showed the following characteristics thereof: 
specific density p=2.20g/m 3 ; ultimate tensile 
strength 6=180 kg/cm 2 ; elongation at rupture 

6=16=%. 

45 Example 2 

Charged into a reactor were 100 g of a used 
polytetrafluoroethylene powder with a mean 
particle size of 30u. The reaction preparation to 
the regeneration was effected in a manner 

50 similar to that described in Example 1. Tetra- 
fluoroethylene pressure was 2 atm. Dose rate of 
gamma-radiation from Co 60 was 0.17 Rad/sec. 
The temperature in the reactor was maintained 
at 70 C. Additional portions of tetrafluoro- 

55 ethylene were fed into the reactor under a 
reduced pressure down to 1 atm. Regeneration 
of the used polytetrafluoroethylene was 
conducted for 4 hours, the irradiation being 
interrupted after each 30 minutes. Total 

oU irradiation time was 3 hours. Added weight of 
the block copolymer was 52 g. 

In a control test conducted in a manner 
similar to that described hereinabove but 
without the used polytetrafluoroethylene 

<» powder there was obtained 1 .2 g of tetrafluoro- 



ethylene homopolymer. 

From the resulting regenerate a plate of 
130x100x2mm size was made by -compression 
moulding under a specific pressure of 
500 kg/cm 2 . The blank was sintered in a free 70 
state at the temperature of 370°C during 2 
hours, whereafter the plate was hardened by 
dipping into water at room temperature. Tests 
of the hardened plate showed the following 
characteristics: p=2.18 g/cm 3 ; 5=240 kg/cm 2 ; 75 
e=220%. 
Example 3 

50 g of a used polytetrafluoroethylene 
powder with a mean particle size of 18ju were 
charged into a reactor. The reactor preparation 80 
to regeneration was effected in a manner similar 
to that described in Example 1. An aqueous 
suspension was stabilized with a mixture of 
perfluorocarboxylic acids with 3 to 5 carbon 
atoms in an amount of about 0.005% by 85 
weight. Tetrafluoroethylene pressure was 
maintained at about 3 atm. The dose rate of 
gamma-radiation from Co 60 was 0.51 Rad/sec. 
Regeneration of the used polytetrafluoro- 
ethylene was effected with discontinuous 90 
activation for 3 hours with intervals after each 
15 minutes. Total irradiation time was 2 hours; 
total dose-3.672 Rad. Added weight of the 
block copolymer was 20 g. A plate manu- 
factured by sintering in a free state had the 95 
following characteristics: p2.21 e/cm 3 ; 
5=200 kg/cm 2 ; 6=210%. 
Example 4 

Into a reactor there were charged 50 g of a 
used polytetrafluoroethylene with a mean 100 
particle size of 30/2. The reactor preparation to 
regeneration of the used polytetrafluoro- 
ethylene was performed in a manner similar to 
that described in Example 1. Pressure of tetra- 
fluoroethylene was maintained at about 1 atm 105 
by means of a discontinuous supply of fresh 
portions of tetrafluoroethylene when pressure 
inside the reactor dropped to 0.1 atm. 
Activation of the graft block-copolymerization 
reaction was performed with discontinuous 110 
irradiation by gamma-radiation from Co 60 
(after each 4 minutes) at the dose rate of 
10- Rad/sec for 1 hour. Total irradiation time 
was 16 min; total dose-9,600 Rad; added 
weight of the block copolymer was 15 g. From 115 
the resulting regenerate a test sample was 
manufactured in a manner similar to that 
described in Example 2. The sample had the 
following characteristics p=2.23 g/cm 3 
5=190 kg/cm 2 , e=l 80%. i 2 0 
Example 5 

50 g of a used polytetrafluoroethylene 
powder with a mean particle size of 20m were 
placed into a metallic reactor. The reactor was 
deaerated and twice purged with tetrafluoro- 125 
ethylene under a 0.5 atm pressure. Thereafter, 
the reactor was set under vacuum to a residual 
pressure of tetrafluoroethylene of 
1x10" mm Hg. Then the reactor with the 
powder was cooled by liquid nitrogen to 130 
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-196°C. At this temperature the used nolv 
llT°,T hy } ene P° wder was irradhtedt; 
nn R r H/ ed , electrons at a d <«e rate of 
5 l« ft" " g , ' 000 **• The total dose 
5 was 1 .10 s scc^ On completion of the activation 
15 g of tetrafluorotehylene were fed into the 
reactor at the temperature of -196°C. Then 
?° e c frTrV H7 in r the .« a «*» ^s elevated to 
LL an l?il°L^« distilie d water was 



in 7 7 Ul aisruiea water was 

10 poured thereinto Then the temperature LsTdl 
the reactor was elevated further to 70°C with 
vigorous stirring and the graft block copoly- 
merizadon was completed at this temperature 
Added weight of the grafted block copolyme 
15 was 12 2 g. A sample of the regenerate prepared 
as m Example 2 had the following charac 
e=i r 60% CS: P=2 - 24 ^ mJ ; «-"Skgffi 
Example 6 

20 50g of the used polytetrafluoroethylene 
powder of particle size mentioned in Example I 
were cooled to -I96°C and subjected to n 
plasma treatment in an atmosphere of helium 
under a 5 mm Hg pressure for 8 minutes- the 
25 fragment was effected using a high-frequency 
discharge. As a result of the plasma treatment 
the concentration of free radicals at the powder 
s " rfac f ,°f used PTFE was 1.2x10' 8 
radicals/g thus corresponding to a total dose of 
30 about 5x10* Rad. The powder had cq uTre d a 
brown colour After plasma treatment the 
powder was placed into a reactor into which 
, * traf]uor °ethylene were charged at 
n, ? e 8 eneration of the used polytetra- 

35 fluoroethylene powder was further performed 
in a manner similar to that described in 
Example 5 Added weight was 14.5 g and the 
regenerate had a light-brown colour. A sample 
of the regenerate had the following chant- 

-nni CS: T r 22 - 25 ^ 3 : « =160 kg/cm" 
e-1 30%. Taking into account the regenerate 
colour, it should be preferably used I in 

coZ P r 0 edXs With 8raphite ' C ° kC a " d 0the < 
45 Example 7 

nJ,H 8 °L 3 USed Po'ytetrafluoroethylene 
powder with a mean particle size of 45u and 

whfrl 5 ' 26 ° f m ? Were P' aced ">"> a reactor 
en ^' C . h was Prepared for the reaction of graft 

^ ^ P ° ] JT riZ V i0n in a nia,1 » er similar to 
w 3 f H ?"n ed ,n 1 Exam P le Into the reactor 
was fed trifluorochloroethylene to the pressure 
oi 3atm. Activation was performed by means 

55 o 0?Kt ?P ff0m C ° 6 ° at ,he *™ ™ 
%"r h„ (• I h f reaction temperature was 

?0 Srin R,^ , °A n H" 1 6 , h0U ^ Thc total dose was 
10,800 Rad. Added weight of the grafted block 
copolymer in the modified regenerate of the 
used polytetrafluoroethylene was 10 g. From 

30* r ?ft ne , rate 3 Plate Was f^nufactufed oH 
130x100x20 mm size which was sintered in a 
closed mould under conditions used in he 
processing of polytrifiuorochloroethylene The 

« T- Ln e ? U tS 2 Were as follows: P=2 30g/cn" 
65 6=1 60 kg/cm 2 ;e=200%. s ' 1 



Example 8 

50g of a used polytetrafluoroethylene 
powder with a mean particle size of 60^ were 
charged into a reactor. The reactor preparation 
lor regeneration of the used polytetrafluoro- 70 
ethylene was effected as in Example 1. As the 
liquid phase use was made of trifluorochloro- 
ethylene condensed at -20°C under 1 atm 
M^r e - A< i tiva,ion of the reaction of graft 
block copolymerization was performed by ? 5 
means of gamma-radiation from Co 60 with a 
dose rate of 0.3 Rad/sec for 4 hours. Thc total 

t S lri 4 ¥° H Added wei 8 ht of the 
grafted block copolymer in the modified 
regenerate was 12 g. A sample made from the 80 
regenerate by extrusion had the following 
e=250 C %. nStlCS: P=2 - 25 6 /cm3 = «=180 kg/cm 2 ; 
Example 9 

fi, Fr0m u a , imposition containing polytetra- 85 
fluoroethylene and 20% by weight of coke 50 g 
or a powder wereprepared with a mean particle" 
size of 30m. The reactor preparation for 
regeneration of the powder of polytetrafluoro- 
ethylene composition with coke was performed 90 
in a manner described in Example 1. In the 
reactor a pressure of tetrafluoroethylene of 
2. atm was created and activation of the K raft 
block copolymerization reaction was performed 
oy means of gamma-radiation from Co 60 at a 95 
dose rate of 5 Rad/sec for 4 hours Added 
weight of the grafted block copolymer was 

tTbiet nYtf " erate W3S ° f 3 eray colour - Solid 
ablets of the regenerate prepared by sintering 

P=2 24g/ e c e m3 S,ate ^ ,He Sp6Cific density 100 
Example 10 

°L 3 USed Po'ytetrafluoroethylene 
powder with a mean particle size of 30u were 
charged into a reactor which was then charged 105 
wrth 1 e of twice distilled water. The reaclor 

means of nitrogen under a pressure of 15 atm 
hen set under vacuum and twice purged wfth 
ch 3 rafi H° r0 f, thylene - T,lere: "ter. the reactor w£ 110 
charged with a mixture of hexafluoropropylene 

10 a ,m ra K U ° r0ethylene 10 a P r e*ure of 
10 atm, the partial pressure of hexafluoro- 

Sttl'S? 9 ^ *« ° f *^ m 
tain?] a e t mP 70V Urt Ti n reaCt0r Was main " 

ag 5 ^£"5 no 

additionally supplied with tetrafluoroethylene 
to the initial pressure. The process was 

llmtJVi^\ Th % t0ta5 dose 125 
JO,uuo Rad. Added weight of the graft block 

rSnT m thC nl0dified K & n ™' was 10 g 
Grafted layer consisted of 92% by weight of 
tetrafluoroethylene and 8% by weight of hexa 
Ouoropropylene. The modified regfneiare was 130 
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processed into solid samples by injection 
moulding and hot-compression moulding. 
Example 11 

An aqueous suspension of 50 g of a used 
5 polytetrafluoroethylene powder with a mean 
particle size of 40^ was placed into a reactor 
which was prepared for regeneration of the 
used polytetrafluoroethylene in a manner 
similar to that described in Example 1. In the 

10 reactor a pressure of vinylidene fluoride of 
15atm was created. Activation of the graft 
block copolymerization reaction was performed 
by means of gamma-radiation from Co 60 for 5 
hours at a dose rate of 3 Rad/sec at the 

15 temperature of 60°C. The total dose was 
54,000 Rad; added weight of the grafted block 
copolymer was 12 g. The modified generate was 
processed into a solid blank at the temperature 
of340°C. 

20 Example 12 

An aqueous suspension of 50 g of a used 
polytetrafluoroethylene powder with a mean 
particle size of 30u was charged into a reactor 
which was prepared for regeneration of the 

25 used polytetrafluoroethylene in a manner 
similar to that described in Example 1 . Fed into 
the reactor was vinyl fluoride to a pressure of 
30atm. Activation of the graft block- 
copolymerization reaction was performed by 

30 means of gamma-radiation from Co 60 for 5 
hours at a dose rate of 5 Rad/sec at 100°C 
temperature. The total dose was 90,000 Rad. 
Added weight of the grafted block copolymer 
was 10.3 g. The modified regenerate was 

35 processed into a solid blank by hot -compression 
moulding. 
Example 13 

Under the conditions of Example 1, as the 
tluorinated monomer use was made of a 

40 mixture of tetrafluoroethylene and ethylene 
under a pressure of 50 atm. Partial pressure of 
tetrafluoroethylene was 2 atm, while that of 
ethylene was 48 atm. Dose rate of gamma- 
radiation from Co 60 was 15 Rad/sec; tem- 

45 perature-100°C: total duration of the 
reaction- 10 hours. The total dose was 540,000 
Rad. Added weight of the grafted block 
copolymer was 8.7 g. The modified regenerate 
was processed into a solid blank by hot- 

50 compression moulding. 
Example 14 

Under the conditions of Example 13, for 
regeneration of a used polytetrafluoroethylene 
powder in the form of a suspension use was 

55 made of a mixture of vinylidene fluoride with a 
partial pressure of 10 atm and ethylene with a 
partial pressure of 40 atm. Dose rate of 
gamma-radiation from Co 60 was 20 Rad/sec; 
total duration of the reaction- 14 hours. The 

60 total dose was 1 .008,800 Rad; added weight of 
the grafted block copolymer was 13.3 g. The 
thus-modified regenerate was processed into a 
solid article by injection moulding at an 
elevated temperature under conditions usually 

65 employed for the processing *of vinylidene 



fiuoride-ethylene copolymers. 
Example 15 

Under the conditions of Example 1, for 
regeneration of a suspension of a used poly- 
tetrafluoroethylene powder use was made of a 70 
mixture of trifluorochloroethylene with a 
partial pressure of 1 atm and hexafluoro- 
propylene with a partial pressure of 9 atm. 
Total pressure inside the reactor was 10 atm. 
Dose rate of gamma-radiation from Co 60 was 75 

1 Rad/sec, duration of the reaction was 10 
hours; temperature 60°C. The total dose was 
36,000 Rad; added weight of the grafted block 
copolymer was 8.7 g. The modified regenerate 
was processed into a solid article by injection 80 
moulding. 

Example 16 

Under conditions similar to those described 
in Example 1 a suspension of 50 g of a used 
polytetrafluoroethylene powder with a mean 85 
particle size of 30u was subjected to regenera- 
tion in one litre of perfluorostyrene. Tetra- 
fluoroethylene pressure inside the reactor was 
5 atm; temperature 30° C, dose rate of gamma- 
radiation from Co 60 was 0.2 Rad/sec. Duration 90 
of the reaction was 8 hours; the total dose 
5,760 Rad; added weight of the grafted block 
copolymer was 7 g. The modified regenerate 
was processed into a solid article by extrusion. 

WHAT WE CLAIM IS:- 95 

1 . A j) roc ess for reprocessing used poly- 
tetrafluoroethylene comprising providing said 
used polytetrafluoroethylene in the form of a 
powder composed of discrete particles of size 

not greater than 100^, irradiating said powder 100 
with ionising radiation to activate the polytetra- 
fluoroethylene and contacting the activated 
polytetrafluoroethylene with a fluorinated 
monomer of formula C 2 F X R4_ X in which x is 
an integer from 1 to 4, R is hydrogen, a 105 
trifluoromethyl group, a chlorine atom a 
phenyl group or a pentafluorophenyl group, 
thereby effecting co-polymerisation of the 
polytetrafluoroethylene with the said 
monomer. 110 

2. A process according to claim 1, wherein 
the ionizing radiation is gamma-radiation, 
X-rays, beta-radiation or accelerated electrons. 

3. A process according to any preceding 
claim, in which the polytetrafluoroethylene 115 
powder is suspended in water or the fluorinated 
monomer defined in claim 1 and is irradiated in 

the suspended state. 

4. A process according to any preceding 
claim, in which the activation is carried out 120 
under an atmosphere containing not more than 

2 x 10~ 3 vol % of oxygen, said atmosphere 
being provided by carrying out the activation 
(a) under a reduced pressure of inert gas or 
fluorinated monomer vapour not lower than 125 
5 mm Hg, or, (b) under reduced pressure not 
exceeding 1 x 10" 2 mm Hg, or (c) under 
pressure of the vapour of said monomer of 
from 0.1 to 50 atmospheres. 

5. A process according to any preceding 130 
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claim m which the activation comprises 
irrad.ation of total dose 10* to 10* Rad a a 
dose rate offrom 10" 5 to 10 J Rad/sec 

6. A process according to any precedin" 

5 5» to Ca + To e o d -c° ul at a tempe rature of f ™ 

ciaL A wh p e;r th r^ 

iO performed in an aqueous suspension of the used 
polytetrafluoroethylene powder having a m ean 
particle s.ze of not greater than 30m: activation 
of said suspension is effected in an atmosphere 
of tetrafluoroethylene with a total dose of from 

Jjr }° ] ? Rad / sec . at a temperature of 
+70 C and under a tetrafluoroethylene atmo- 
sphere of pressure offrom 0.1 to 5 aim 

20 i »„' a A P K 0CeSS *? C0I n iin & t0 any one of claims 
20 1 to 6, wherein the fluorinated monomer is a 
compound _o ^the formula C^R,.., whcre x 
is 1 , 2 or 3, R is hydrogen, or where x is 3 and 
R is chlorine, the polytetrafluoroethylene is 
activated in suspension under an atmosphere of 
a « lea" one of said fluorinated monomers, with 
a total dose of from 1 x 10 3 to 1 x 10 s Rad at 
a dose rate of fr< n 1 x 10- to 50 Rad/sec and 
at a temperature of from -20 to +100°C 
30 i A P rocess u acco "ling to any one of claims 
M) 1 to 6, wherein the monomer is a mixture of (a) 
a fluorinated monomer of the formula: 
3 p . t x 7 here x "S an integer from 1 to 4 
and R is hydrogm or x is 3 and Ris a chlorine 
atom with (b) ethylene, vinyl chloride, o "a 
35 compound of the formula C 2 F x R 4 .. x where x 

sion under an atmosphere of said mixture of 
tlie monomers with a total dose of from 



i to Txio' x rIh/ Wd - 31 3 dose ra,e of f ™ 40 

e no°5 f o^ ™ xture oft,,e 

data's l A fnT C?SS acc , ordin g to any one of 45 
c ' aui ? s 1 t0 6. m which used polvtetrafluorn 

pressure of not more than I x 10" 2 mm He 

Ito 4 R !. h x 5*-« Where x is an ^teger from 

is adde ? 1S th h P yd t r ° g3n ° r X is 3 and chlorine 
aaded - th e temperature is raised to 0°r- 
water is added to form an aqueous luspension 

the B raft a M Va l ed P°y tetr afluoroethyIene an2 55 
the graft block-copolymerization is completed 
at a temperature of from 0 to 100°C P ' eted 

clams l A 2 Pr 4 e 1 IT^ „ t0 .»\ ° ne of 

tetraOuni^ 0 ^ 5 f0 T re 8 en erating used poly- 
* spec £2? ne s " bs tantially as described in 

ftVSSe and tXamP ' eS ' 10 16 * 65 

tetLm.n™^° POly, ? ers based on "sed poly- 
tetrafluoroethylene whenever produced by the 
Process claimed in any one of the claims^ to 

FITZPATRICKS, 
Chartered Patent Agents, 
14-18 Cadogan Street, 
Glasgow, G2 6QW 

and 75 
Warwick House, 
Warwick Court, 
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